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Monitoring of blood gas measurements is an important part of the assessment of patients with chronic lung disease. 
Increasingly, this is being done in the patients’ homes by specialist nurses. This makes it important to know the 
effect of time delay and storage temperature on the reliability of capillary blood gas analysis results. 
In this study, the effect of a delay of 1 and 2 h and of storage at both room temperature and in ice, on blood 
stored in glass capillary tubes was investigated. Samples, initially taken from the earlobes, were transferred to glass 
capillary tubes and used to provide duplicate initial samples for immediate analysis, and then single samples at 1 
and 2 h stored at room temperature or in ice. 
The duplicate baseline measurements showed good reproducibility. There was a small, but statistically 
significant, increase in PC02 when samples were stored in capillaries at room temperature, or in ice, both at 1 and’2 
h. Small changes in PO2 were not statistically significant, either in ice or at room temperature. None of the changes 
was considered to be sufficient to be of clinical significance, thus supporting the use of capillary blood sampling 
even when there might be a delay of l-2 h and transport is at room temperature, as might be the case when taking 
domiciliary samples. 
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Introduction 
An increasing number of patients are on long term oxygen 
therapy or assisted ventilation in their own homes. Good care 
requires that these patients be monitored. Where possible it is 
most appropriate to do this in the home because of the 
mobility problems of severely disabled patients. 
Regular assessments often involve questionnaires, mea- 
surements of airways function, oxygen saturation by 
oximetry and overnight oxygen studies. The measurement 
of blood gas tensions has traditionally involved patients 
travelling to the hospital, but increasingly this is being done 
in the patient’s home by specialist nurses. In a large rural 
area, it is often difficult to guarantee samples arriving at the 
laboratory for testing within 1 h. Transport in ice may not 
be easy to arrange. 
An early study by MacIntyre et al. (1) compared oxygen 
from capillary blood, taken from the earlobe into glass 
capillaries following the application of a vasodilator paste, 
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with arterial syringe samples, and found a very strong 
correlation over a range of PO2 values, both within the 
physiological range and above. In a recent study by Pitkin et 
al. (2), simultaneous capillary and arterial samples were 
taken from 40 patients with chronic respiratory disease, with 
a wide range of blood gas levels. Once again a Nicotinate 
paste was used to obtain the arterialized earlobe samples. 
The two methods of obtaining blood agreed closely, over a 
wide range of values of arterial pH, PC02 and POZ. In a 
recent study by Bird et al. (3), the effect of a delay of up to 1 
h, with storage in ice between drawing of the earlobe sample 
and analysis, has been shown to result in small and 
unimportant changes in estimates of PCOZ and P02. Liss 
et al. (4) assessed the change in blood PC02 and PO2 values 
over half an hour, at room temperature and in ice, in arterial 
gas drawn into, and kept in, syringes and found only small 
clinically unimportant changes over this time. 
This study aims to assess whether a delay of up to 2 h 
affects the accuracy of the results when samples are stored 
either in ice or at room temperature. 
Methods 
Blood samples for the study were collected either from 
volunteer patients, from whom blood was being taken as a 
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routine part of their clinical care as they came through the 
Accident & Emergency Department with a variety of 
disorders or from volunteer students and doctors. Ethical 
Committee approval was obtained from the East Heriford- 
shire NHS Trust Ethical Committee and full consent was 
obtained from every subject. 
Samples were taken from 31 subjects chosen to represent 
a spectrum of POZ and PCOZ values. Following a stab 
incision in the right earlobe arterialized capillary blood was 
allowed to flow onto the surface. The resulting droplet was 
drawn into six heparinized glass capillaries for each subject. 
After the introduction of a mixer, the capillary was sealed 
at both ends using rubber caps. These capillary samples 
were stored either in air or in ice or used for immediate 
analysis. Before blood gas analysis the capillary samples 
were mixed using a magnet before being introduced into the 
blood gas analyser (an IL1312; Instrumentation Labora- 
tories (U. K.), Warrington, U. K.). Measurements obtained 
immediately were in duplicate and their mean was used as 
the baseline value. 
Statistical analysis was carried out on deviations from the 
baseline value, after exclusion of any which were at least 3.5 
times the inter-quartile range from their median value. The 
means of these deviations were tested for statistical 
significance using a t-test. The deviations were regressed 
on storage time to provide estimates of linear change over 
time. 
Results 
A total of 186 capillary samples were analysed for both 
PCOp and PO2 from 31 subjects. The duplicate baseline 
measurements showed close agreement confirming satisfac- 
tory reproducibility of values with correlations of 0.994 
(PC!02) and 0.995 (PO,). The range of values obtained from 
the baseline analysis were 2.8 to 11.2 kPa for PO2 and 3.8 to 
9.1 kPa for PC02. 
Deviations from the baseline for PO1 and PC02 at 1 
and 2 h were calculated and are illustrated in Figs 1 and 2. 
The median value is shown as a horizontal bar. Values at 
least 3.5 times the inter-quartile range from the median 
are considered to be outliers and are shown as asterisks. 
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FIG. 1. Deviations from baseline for PC02 (n = 3 1, 
median marked as a bar). 
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FIG. 2. Deviations from baseline for PO2 (n = 31, median 
marked as a bar). 
They arose from cases 2, 4, 9, 16 and 23. All six data 
points for these cases were excluded from statistical 
analysis and estimation of linear changes over time. 
Deviations were independent of baseline values. None of 
the remaining values deviated more than 1.1 kPa from 
baseline whether stored for 1 or 2 h, or at room 
temperature or in ice. 
The mean deviation from the baseline values after 1 and 2 h 
are shown in Figs 3 and 4. PCOz increased (Fig. 3) whilst 
POa, in general, decreased from baseline. The changes in ice 
were smaller than in air. The means, standard deviations 
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and t-test results of the deviations from baseline values are 
shown in Table 1. 
The deviations were regressed on storage time to provide 
estimates of the rates of change per hour (Table 2). The 
linear model was a reasonably good fit for PCOZ (R2 = 
0.31) but did not fit well for PO2 (R2 = 0.03). PC02 values 
rose, on average, by 0.17 kPa hh’ (P = 0.000) at room 
temperature and by 0.09 kPa hh’ (P = 0.000) in ice. The 
estimated rates of change for PO2 were very small and not 
statistically significant. 
Discussion 
The fact that some 5% of samples were outliers (nine out of 
186) is of some concern. The most likely explanation for 
these outlying, or extreme values, is the technique of 
drawing up the capillary blood from the syringe and the 
sealing of the capillary. In clinical practice it may be better 
to always take duplicate samples of capillary blood and to 
discard the result if the difference between the two 
measurements is greater than two standard deviations of 
the measurement technique (i.e. discard if difference exceeds 
0.30 kPa for O2 or for C02). 
The mean changes over time found in 26 patients in PO2 
and PC02 in this study are somewhat smaller than those 
TABLE 1. Mean and paired samples t-test results (n = 26’) 
found in the sample of 15 patients in Bird et al. (3) who 
found mean changes at 1 h in ice were 0.26 kPa in PC02 and 
-0.01 kPa in PO2. This represents approximately three 
times the rate of increase in PC02, but a similar non- 
significant change in PO2 compared to the present study, and 
confirms that only minor and clinically unimportant changes 
occur even when samples are stored at room temperature. 
The clear trend of rising PC02 with time reported in Table 2, 
although highly statistically significant, is not considered to 
be large enough to invalidate results for clinical purposes. 
Capillary samples taken in previous studies have used 
arterialized earlobe samples and this is recommended in 
clinical practice. A vasodilator, such as Nicotinate paste, is 
massaged into the earlobe 10 min before a stab wound with 
a lancette is taken from the inferolaterial aspect of the 
earlobe. This provides sufficient blood for a capillary 
sample. In the study by McIntyre et al. (1) the difference 
between vasodilating the skin of the earlobe and not doing 
so was compared. There was no significant difference in the 
values obtained, although it was sometimes difficult to 
obtain blood at all without the vasodilating effect of 
Nicotinate being used first. 
The results obtained should give confidence to clinicians 
who wish to use domiciliary capillary sampling as a more 
patient-friendly and convenient way of monitoring blood 
gases than arterial samples taken at the hospital. 
Mean (kPa) SD Mean difference from baseline P 
co2 
Baseline mean 
RT 1 h 
RT2h 
Ice 1 h 
Ice 2 h 
02 
Baseline mean 
RT 1 h 
RT2h 
Ice 1 h 
Ice 2 h 
5.864 1.322 
5.969 1.301 
6.214 1.460 
5.935 1.331 
6.026 1.310 
6.014 2.477 
5.930 2.283 
5.972 2.310 
6.032 2.426 
6.032 2.390 
0.105 0.021 
0.350 0.000 
0.071 0.027 
0.162 0.000 
-0.838 0.154 
-0.419 0.512 
0.018 0.620 
0.017 0.706 
+Cases with any outlying values excluded. RT: room temperature. 
TABLE 2. Linear regression results (kPa hh’) 
Rate of change at RT (SD) Rate of change in ice (SD) R2 .+ 
PC02 0.17 (0.022) p = 0.000 0.09 (0.022) p = 0.000 0.311 26 
PO2 -0.03 (0.022) p=o.211 0.02 (0.022) p = 0.480 0.027 26 
+Cases with any outlying values excluded. 
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